We report in this letter on the development of a bleaching procedure which has produced highly efficient and highly stable gratings and holograms on silve halide films as well as plates.
Interest in bleached photographic gratins and holograms arose as early as 1965." Several theoretical investigations of photographically generated gratings showed that greatly improved efficiencies could be obtained by elimination of the absorption and reflection inherent in a silver imngc.a*Y This information stimulated interest in improving diffraction efficiencies by bleaching processes, with reports indicating varying degrees of success. Nearly all investigators report the tendency of bleached silver emulsions to darken or discolor on further exposure to light.
10
In addition it has proved difficult to attain high diffraction efficiencies with films.
While considerable further investigation is necessary to provide quantitative data on all the controllable variables, the following procedure produced highly efficient and highly stable gratings on both films and plates:
(1) Exposure for a silver density of 2.5 to 3.0. (10) Wash for 10 min in distilled water and squeegee excess water from surface.
(11) Dry slowly at room temperature. The use of distilled water for mixing all solutions and for rinsing is strongly recommended, since even filtered wash water can cause a white precipitate in the emulsion.
For Agfa-Gevaert films, the effective speed of the emulsion is decreased in proportion to the length of time it remains in the prehnrdening bath. In addition, as the prehardening time increases, the diffraction efficiency and the scattered light both de crease. A 3-min prehardening time represents a reasonable compromise between speed, diffraction efficiency, and noise.
Using the above procedure with Agfa-Gevaert 8E56 film and plates, 1000 cycle/mm gratings have been made with a diffraction efficiency varying from 42% to 70%, depending on prehardening time. (70% efficiency was obtained with no prehardening). A beam ratio of 1 to 1 was used to record the gratings at 5145 1. Using the same film and bleaching procedure, with a beam ratio of 4 to 1 and an average carrier frequency of 1000 cy/mm, holograms of a diffuse object have yielded diffraction efficiencies from 26% to 30%, with signal-to-noise ratios in excess of 20 to 1. Diffraction efficiencies were measured at 6328 A and in all cases are usable efficiencies, i.e., the ratio of light intensity in one first order to incident, intensity. Signal to noise was measured as the intensity ratio between 1 cm2 light and dark areas in the reconstructed image of a high contrast resolution chart.
The same procedure has been applied to Eastman Kodak 649F film as well as to other Agfa-Gevaert films. While the diffraction efficiencies obtained were somewhat lower than for 8E56, the maximum efficiencies were in all cases in excess of 50% and the gratings were highly stable. The holograms have been continuously esposed to a room lighted by both fluorescent lamps (50 fc) and sunlight filtered through a Venetian blind ( > 100 fc). They have also been scanned by a He-Ne laser (70 mW) and an argon laser ( > 200 mW). Exposure to this illumination has now exceeded seventy-five days without appreciable evidence of photochromic sensitivity.
While the exact photochemistry associated with this bleaching procedure is unknown, we hypothesize the following explanation. The bleach converts the metallic silver to silver bromide, leaving nonsoluble cuprous bromide in the emulsion. The clearing and desensitizing solution provides bromide to convert the cuprous bromide back to soluble cupric bromide, and in addition removes the sensitizing impurities from the emulsion, leaving a purified, desensitized transparent silver bromide as an efficient dielectric. medium (refractive index = 2.25).
More detailed studies of this procedure, as applied to most holographic emulsions, are continuing and results will be published at a future date. This work was supported by ICV, Inc.
